cisplatin has been widely used as a conventional treatment for patients with non-small cell lung cancer (nSclc). However, primary and acquired cisplatin resistances are frequently developed during the treatment of patients with nSclc, leading to an increased mortality rate. accumulating evidence demonstrated that aberrantly expressed micrornas (mirs) are involved in the development of chemoresistance. in the present study, sensitivity of nSclc cells to cisplatin was identified to increase following overexpression of miR-608. conversely, sensitivity to cisplatin was reduced following miR-608 knockdown. Reverse transcription-quantitative PCR and western blotting analyses identified that Tea domain transcription factor 2 (TEAD2), a key regulator of cell stemness, was negatively regulated by miR-608 in NSCLC cells. By repressing TEAD2, miR-608 decreased the expression level of several target genes of the Hippo-yes-associated protein signaling pathway. Furthermore, Tead2 mrna was confirmed to be targeted by miR-608 in NSCLC cells via a dual-luciferase reporter assay. importantly, the increased cisplatin sensitivity induced by miR-608 overexpression was reversed by transfection of Tead2 in nSclc cells. The present data suggested that miR-608 may represent a novel candidate biomarker for the evaluation of cisplatin sensitivity in patients with nSclc.
Introduction
lung cancer is the most common malignancy worldwide, with ~1.8 million patients diagnosed and 1.3 million cancer-related mortalities every year (1) . non-small cell lung cancer (nSclc) is the most aggressive form of lung cancer (2) . chemotherapy has been widely used for the treatment of patients with nSclc (3) . despite positive response at the initial stages of the treatment, development of chemoresistance may cause failure of cancer therapy, representing a major challenge for the treatment of patients with nSclc (4). Therefore, understanding the molecular mechanism of nSclc is required to develop novel strategies to overcome chemoresistance.
Micrornas (mirnas/mirs) are a group of small, non-coding, single-stranded rna molecules that can negatively regulate gene expression by directly binding to the 3' untranslated region (3'uTr) of their target mrnas (5) . miRNAs play key roles in regulating various physiological cellular processes, such as cell differentiation, cell motility and cell apoptosis (6) . dysregulation of mirnas is an important mechanism underlying the development of various types of cancer, including nSclc (7) . additionally, numerous previous studies identified multiple mirnas involved in the development of chemoresistance (8) (9) (10) . Downregulation of miR-138 increases the expression of zinc finger E-box binding homeobox 2, and induces epithelial-mesenchymal transition (eMT) in nSclc cells, thus leading to adriamycin resistance (11) . Single-nucleotide polymorphisms of miR-608, a recently identified miRNA, were found in several types of cancer (12, 13) . A previous study demonstrated that miR-608 regulates apoptosis of a549 cells (14) . However, the role of miR-608 in the development of chemoresistance remains unknown.
in mammals, the Tea domain transcription factors (Tead) family consists of four members (15) . as a transcription factor, Tead2 regulates the expression of numerous genes and it is involved in various physiological processes (16) (17) (18) . The activity of Tead2 depends on the physical interaction with its transcription co-activator yes-associated protein (YaP) and transcriptional coactivator with PdZ-binding motif (TaZ), which are regulated by the Hippo tumor suppressor signaling pathway (19) . during the development of cancer, the Hippo signaling pathway may be impaired, leading to the overactivation of the YaP/TaZ-Tead2 complex (19, 20) . in breast cancer cells, elevated activity of the YaP/TaZ-Tead2 complex promotes cancer cell growth and metastasis (21) . in murine normal and cancer cells, overexpression of Tead2 leads to the nuclear accumulation of YaP/TaZ, causing metastasis (22) . although several previous studies have demonstrated the pivotal role of Tead2 in cancer progression, the mechanism of Tead2 in cancer remains unclear.
in the present study, cell viability and apoptosis assays demonstrated that miR-608 regulates cisplatin sensitivity in a549 cells. Furthermore, Tead2 expression was negatively regulated by miR-608 in A549 cells. By repressing the expression level of TEAD2, miR-608 caused a decreased in the expression level of several genes downstream of Hippo-YaP signaling. In addition, TEAD2 was identified to be a direct target of miR-608 in A549 cells via a dual-luciferase reporter assay. importantly, cell viability and apoptosis assays suggested that the increased cisplatin sensitivity induced by miR-608 was reversed by Tead2 overexpression in a549 cells. The present results suggested that miR-608 may represent a novel candidate biomarker for the evaluation of cisplatin sensitivity in patients with nSclc.
Materials and methods
Cell culture and reagent. The human nSclc cell line a549 was purchased from The american Type culture collection. The A549 cells were cultured in DMEM (Gibco; Thermo Fisher Scientific, Inc.) supplemented with 10% FBS (HyClone; GE Healthcare Life Sciences) and 1% penicillin-streptomycin (Invitrogen; Thermo Fisher Scientific, Inc.) in a humidified incubator at 37˚C with 5% CO 2 . cisplatin was purchased from Selleck Chemicals and dissolved in DMSO to a concentration of 10 mM. For the cell viability and apoptosis assays, cisplatin was diluted in DMSO to a final concentration of 5, 10, 15 and 20 µM.
Overexpression and inhibition of miR-608. mir-nc mimic, miR-608 mimic, miR-NC inhibitor and miR-608 inhibitor were synthesized and purchased from GenePharma. To overexpress or silence miR-608, miR-608 mimic or miR-608 inhibitor were transfected into a549 cells using lipofectamine ® 3000 (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. In total, 50 nM miR-608 mimic or miR-608 inhibitor were incubated with Lipofectamine ® 3000 reagent in serum-free dMeM for 15 min. The mixture was added to cells (2x10 3 /well) cultured in 96-well plates and incubated for 3 days prior to rna or protein extraction. The sequences used in the transfection experiments were as follows: mir-nc mimic, 5'-ucG cuu GGu Gca GGu cGG GAA-3'; miR-608 mimic, 5'-AGG GGU GGU GUU GGG ACA GCU CCG U-3'; miR-NC inhibitor, 5'-UUC UCC GAA CGU GUC ACG UTT-3'; miR-608 inhibitor, 5'-ACG GAG CUG UCC caa cac cac ccc u-3'.
Cell viability assay.
To determine the cytotoxicity of cisplatin in a549 cells, the cell viability was detected using a cell Counting Kit-8 (CCK-8; Dojindo Molecular Technologies, inc.) according to the manufacturer's protocol. in total, 2x10 3 cells/well were seeded in 96-well plates and incubated overnight in an incubator at 37˚C with 5% CO 2 . on the following day, cells were transfected with miR-608 mimic, miR-608 inhibitor, mir-negative control (nc) mimic or mir-nc inhibitor; 2 days later, cells were treated with increasing concentrations of cisplatin or dMSo. after 3 days, 10 µl CCK-8 solution was added into each well in 96-well plates and cells were incubated at 37˚C for 2 h. The medium containing CCK-8 was transferred to a 96-well plate. The absorbance in each well was measured at 450 nm using a microplate reader. To investigate the effects of miR-608 on cell viability, untreated cells were examined 3 days after transfection with miR-608 mimic, miR-608 inhibitor, miR-negative control (nc) mimic or mir-nc inhibitor.
Cell apoptosis assay. The percentage of apoptotic cells was analyzed using an Annexin V-FITC apoptosis detection kit (Sigma-Aldrich; Merck KGaA) according to the manufacturer's protocol. after transfection or drug treatment, cells were collected and resuspended, and 1x10 6 cells/ml were incubated with 100 µl 1X binding buffer. Subsequently, 2 µl Annexin V-FITC was added into the mixture and incubated at room temperature for 15 min. Then, 400 µl PBS and 1 µl propidium iodide were added and incubated for 5 min at room temperature. The cells were analyzed using a FACSCalibur flow cytometer (BD Biosciences) and the data were analyzed using the FlowJo software (version 10.2; FlowJo LLC).
RNA extraction and reverse transcription-quantitative PCR (RT-qPCR).
Total rna was extracted from a549 cells using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. The stem-loop method was used to detect miR-608 expression. RNA was reverse transcribed into cdna using TransScript First-Strand cdna Synthesis SuperMix (Beijing TransGen Biotech co., ltd.) at 65˚C for 5 min, followed by incubation in ice for 2 min. The qPcr was performed using SYBr Premix ex Taq (Takara Bio, Inc.) with a CFX-96 Realtime PCR System (Bio-rad laboratories, inc.). The thermocycling conditions were as follows: Initial denaturation at 95˚C for 30 sec, followed by 40 cycles of 95˚C for 5 sec and 60˚C for 30 sec. using the 2 -ΔΔcq method (23), u6 and β-actin were used as internal controls for calculating the relative expression levels of mirna and mrnas, respectively. The primer sequences used were as follows: miR-608 stem-loop primer, 5'-CTC AAC TGG TGT CGT GGA GTC GGC AAT TCA GTT GAG ACG GAG-3'; miR-608, forward 5'-GCC GAG TCG CTT GGT GCA GG-3' and reverse 5'-CTC AAC TGG TGG TGT CGT GGA-3'; U6, forward 5'-TGc GGG TGc TcG cTT cGc aGc-3' and reverse 5'-cca GTG CAG GGT CCG AGG T-3'; TEAD2, forward 5'-CTT CGT GGa acc Gcc aGa T-3' and reverse 5'-GGa GGc cac ccT TTT TCT CA-3'; connective tissue growth factor (cTGF), forward 5'-caG caT GGa cGT TcG TcT G-3' and reverse 5'-AAC CAC GGT TTG GTC CTT GG-3'; cysteine-rich angiogenic inducer 61 (cYr61), forward 5'-cTc Gcc TTa GTc GTc acc c-3' and reverse 5'-cGc cGa aGT TGc aTT cca G-3'; inhibin subunit β a (inhba), forward 5'-ccT ccc aaa GGa TGT acc caa-3' and reverse 5'-cTc TaT cTc cac aTa CCC GTT CT-3'; β-actin, forward 5'-aGG cac caG GGc GTG aT-3' and reverse 5'-Gcc cac aTa GGa aTc cTT cTG ac-3'.
Protein extraction and western blotting. Total protein was extracted from a549 cells using the riPa lysis buffer (Beyotime institute of Biotechnology) according to the manufacturer's protocol. Mouse β-actin antibody (cat. no. ab8227; 1:5,000) was purchased from abcam. rabbit Tead2 antibody (cat. no. PA5-40316; 1:2,000) was purchased from Thermo Fisher Scientific, Inc. Mouse CTGF (cat. no. sc-101586; 1:2,000), CYR61 (cat. no. sc-374129; 1:2,000) and Inhba (cat. no. sc-166503; 1:1,000) antibodies were purchased from Santa Cruz Biotechnology, Inc. Horseradish peroxidase-conjugated secondary antibodies anti-mouse (cat. no. ab6789; 1:10,000) and rabbit (cat. no. ab6721; 1:10,000) were purchased from abcam. For western blotting, 20 µg total protein was loaded in each lane after determination of the protein concentration using the bicinchoninic acid method. Proteins were separated by SDS-PAGE on 8% gels and transferred onto a PVDF membrane. The membrane was then blocked in 5% non-fat milk at room temperature for 1 h, followed by incubation with primary antibodies overnight at 4˚C. On the following day, the membranes were incubated with the appropriate secondary antibody for 1 h at room temperature. The blots were developed with ecl prime western blotting detection reagents (Ge Healthcare life Sciences). relative band intensity was quantified with ImageJ software (version. Dual-luciferase reporter assay. TargetScan version 7.1 software (24) was first used to predict the interaction between Tead2 and miR-608. The 3'UTR of TEAD2 mRNA was amplified from A549 cDNA using PrimeSTAR Max DNA Polymerase and ligated into the pGl3 dual-luciferase plasmid (Promega corporation) using the following primers: Forward, 5'-TcT aGa acc cca aaa cTG GcT c-3' and reverse, 5'-TcT aGa aTc cTc TGT caG aac-3'. The thermocycling conditions were 98˚C for 10 sec, 55˚C for 15 sec and 72˚C for 15 sec, for 30 cycles. Point mutations were introduced into pGL3-TEAD2 3'UTR wild-type (WT; 5'-cca ccc c-3') for the construction of pGL3-TEAD2 3'UTR mutant (Mut; 5'-cGa cGc c-3'). in total, 1x10 5 a549 cells/well were seeded in 24-well plates. miR-608 mimic (20 nM) or mir-nc mimic (20 nM) were cotransfected with (0.4 mg) pGl3-Tead2 3'uTr-WT or (0.4 mg) pGl3-Tead2 3'uTr-Mut into a549 cells using Lipofectamine 3000 (Invitrogen; Thermo Fisher Scientific, Inc.). After 48 h, cells were harvested and the relative luciferase activity was determined using a dual-luciferase Reporter System kit (Promega Corporation) with Renilla luciferase activity as the control.
Statistical analysis. All data were analyzed using GraphPad Prism 6.0 (GraphPad Software, inc.). each experiment was repeated at least 3 times. data are presented as the mean ± Sd. The differences between two groups were analyzed using Student's t-test. Multiple groups were compared using one-way ANOVA followed by Newman-Keuls post hoc test. P<0.05 was considered to indicate a statistically significant difference. (25) . Furthermore, a previous study identified that miR-608 is a proapoptotic mirna in nSclc cells (26) . To investigate whether miR-608 was involved in regulating cisplatin sensitivity in NSCLC cells, miR-608 was overexpressed, and the cytotoxic effect of cisplatin in a549 cells was subsequently detected. compared with the mir-nc mimic group, transfection of miR-608 mimic significantly increased the level of miR-608 in a549 cells (Fig. 1a) . The cell viability assay identified that there was no significant difference in viability between the miR-NC and miR-608 mimic groups (Fig. 1B) . However, cisplatin (5, 10, 15 and 20 µM) inhibited a549 cell viability in a dose dependent manner and miR-608 overexpression increased cisplatin-induced cytotoxicity in a549 cells (Fig. 1c ), suggesting that miR-608 could sensitize A549 cells to cisplatin. Additionally, transfection with miR-608 inhibitor significantly decreased the expression level of miR-608 in A549 cells (Fig. 1D ). Downregulation of miR-608 showed no significant effect on cell viability (Fig. 1E) . Moreover, the miR-608 inhibitor attenuated cisplatin-induced cytotoxicity (Fig. 1F) .
Results

miR-608 regulates cisplatin sensitivity in A549 cells. cisplatin inhibits cancer cell growth by inducing apoptosis
as low concentrations (5 µM) of cisplatin induced only mild inhibition of cell viability, this concentration was selected to study the function of miR-608 during the induction of cell apoptosis following cisplatin exposure. Flow cytometry analysis revealed that cisplatin treatment (5 µM) induced cell apoptosis compared with the control group, and that this effect was enhanced by miR-608 overexpression ( Fig. 2A and B) . Collectively, the present results suggested that miR-608 is associated with cisplatin sensitivity in nSclc cells.
miR-608 represses TEAD2 expression in A549 cells. The
YaP-Tead2 complex is pivotal for cell survival and for cancer cell stemness, promoting chemoresistance in several types of cancer (27) . interestingly, the rT-qPcr results of the current study indicated that, compared with the mir-nc mimic group, TEAD2 expression level was significantly decreased by overexpression of miR-608 in A549 cells (Fig. 3A) . The western blot analysis showed that the protein expression level of Tead2 was significantly decreased in A549 cells transfected with miR-608 mimic compared with the mir-nc mimic group (Fig. 3B and c) . Moreover, inhibition of miR-608 increased TEAD2 mRNA and protein expression levels in a549 cells compared with the nc (Fig. 3D-F ), suggesting that miR-608 may alter the activity of the YaP-Tead2 complex. Furthermore, compared with the mir-nc mimic group, the mrna expression levels of cTGF, cYr61 and inhba, three target genes of the YaP-Tead2 complex (28) (29) (30) , were decreased in a549 cells transfected with miR-608 mimic (Fig. 4A) . Additionally, the protein expression levels of cTGF, cYr61 and inhba were decreased following overexpression of miR-608 in A549 cells ( Fig. 4B and C) . The present data suggested that miR-608 negatively regulates Tead2 expression and inactivates the YaP-Tead2 complex, which may be involved in the increased sensitivity to cisplatin mediated by miR-608 in NSCLC cells.
TEAD2 is directly targeted by miR-608 in A549 cells. To examine whether miR-608 directly regulates TEAD2 expression in nSclc cells, bioinformatic analysis was performed to predict the target genes of miR-608 using TargetScan software. The sequence alignment indicated that there was a putative binding site of miR-608 in the 3'UTR of TEAD2 (Fig. 5A) . A luciferase assay identified that, compared with the mir-nc mimic group, the relative luciferase activity of Tead2 3'uTr-WT was decreased following miR-608 overexpression; however, there was no significant difference in the relative luciferase activity of TEAD2 3'UTR-Mut between the miR-NC and miR-608 mimic groups (Fig. 5B) . The present results suggested that miR-608 repressed TEAD2 expression by binding to its 3'uTr in nSclc cells. miR-608 sensitizes A549 cells to cisplatin by regulating TEAD2. To examine whether Tead2 was involved in the miR-608-mediated cisplatin sensitivity in NSCLC cells, A549 cells were transfected with miR-608 mimic and pcdna3.1-Tead2 or empty pcdna3.1, and the sensitivity to cisplatin was detected. compared with a549 cells transfected with empty pcdna3.1, transfection of pcdna3.1-Tead2 significantly increased the protein expression level of Tead2 (Fig. 6a and B) . cell viability assay results suggested that miR-608-induced cisplatin sensitivity in a549 cells was reversed by overexpression of Tead2 (Fig. 6c ). again, 5 µM cisplatin was selected to study the role of Tead2 during the enhancement of cisplatin-induced cell apoptosis by miR-608 overexpression. Flow cytometry analysis identified that miR-608 overexpression enhanced cisplatin-induced apoptosis in a549 cells, and this effect was attenuated by Tead2 overexpression ( Fig. 6d and e ). The present results suggested that the role of miR-608 in cisplatin sensitivity was mediated by the regulation of Tead2 in nSclc cells. 
Discussion
Similarly to other chemotherapy drugs, intrinsic resistance to cisplatin represents a major limitation to its clinical efficacy (31) . Although cisplatin is effective in the initial stages of treatment, chemoresistance limits its long-term efficacy, leading to mortality (4). Accumulating evidence demonstrates that dysregulation of mirnas contributes to cisplatin resistance in cancer cells. miRNA profiling in human ovarian cancer identified that miR-125 is essential for cell survival and cisplatin resistance (32) . in nSclc, several mirnas are reported to regulate cell apoptosis and cisplatin sensitivity by repressing various target genes (33, 34) . Zhang et al (35) demonstrated that miR-181c targets WnT inhibitory factor 1, a regulator of the Wnt signaling pathway, promoting the development of cisplatin resistance in nSclc cells. mir-101, a tumor suppressor gene, is a negative regulator of rho associated coiled-coil containing protein kinase 2 and mediates cisplatin sensitivity of nSclc cells by regulating eMT (36) . additionally, miR-608 was identified as a proapoptotic miRNA in nSclc cells (26) . a recent study demonstrated that the expression level of miR-608 is decreased in NSCLC tissues compared with normal tissues, and miR-608 overexpression inhibits migration and invasion of nSclc cells (37) . In the present study, miR-608 overexpression increased cisplatin sensitivity in a549 cells by increasing cisplatin-induced cell apoptosis. conversely, downregulation of miR-608 decreased cisplatin sensitivity in A549 cells by attenuating cisplatin-induced cell apoptosis, indicating that miR-608 regulated chemotherapy sensitivity in NSCLC cells. The present data suggested that miR-608 may serve an important role in mediating cisplatin resistance in nSclc cells.
Tead2 is a transcription factor involved in the maintenance of cell survival (27) . The activity of Tead2 depends on the interaction with YaP, promoting cell proliferation and inhibiting cell death (19) . YaP is upregulated in nSclc and the increased activity of the YaP-Tead2 complex is involved in the proliferative ability and chemoresistance of NSCLC cells (38) . Interestingly, although YAP was identified to be regulated by several mirnas (39, 40) , the regulation of Tead2 by mirnas remains unclear. in the present study, miR-608 was identified to negatively regulate TEAD2 expression in a549 cells. The present bioinformatic analysis and dual-luciferase reporter assay suggested that Tead2 is a direct target gene of miR-608 in A549 cells. Zhang et al (41) reported that the YaP-Tead2 complex is essential for chemoresistance in nSclc cells. in the present study, cell viability assays suggested that overexpression of Tead2 reversed miR-608-induced increase in cisplatin sensitivity in a549 cells. Moreover, Tead2 overexpression decreased miR-608-induced A549 cell apoptosis in the presence of cisplatin. collectively, the present results suggested that miR-608 repressed TEAD2 expression, sensitizing A549 cells to cisplatin.
In conclusion, the present study suggested that miR-608 sensitized NSCLC cells to cisplatin by regulating TEAD2. The present finding suggested that miR-608 could be a potential therapeutic target to treat patients with nSclc.
